End products of the decay of charge pion and the subsequent decay of muon form the entangled spin state. The spin states of muon antineutrino and electron are inconsistent. After the time of interaction of the electron with the environment one cannot detect the muon antineutrino. This effect may explain the deficit of muon neutrino flux in the Super-Kamiokande, K2K, MINOS experiments.
According to the quantum mechanics [1] the particles outgoing some reaction form the entangled state. The total angular momentum of the particles outgoing the reaction maintains preserved. By detecting one of the particles in a certain spin state an experimenter triggers the spin states of the other particles to preserve the total angular momentum. This is a core of the Einstein-Podolsky-Rosen thought experiment confirmed experimentally by Aspect [2] .
Consider decay of the charge pion [3] π − → µ − +ν µ .
Muon in turn decays as µ − → e − +ν e ν µ .
All the end products of the decay of pion and the subsequent decay of muon,ν µ , e − , ν e , ν µ , form the entangled spin state. Since pion has the null spin then the total spin of the entangled particles is equal to zero. Detection of one of the entangled particles in a certain spin state fixes the entangled state with triggering the spin states of the other particles. Besides the particles arising in the decay of muon, e − ,ν e , ν µ , form another entangled spin state. Since muon has the spin −1/2 then the total spin of the entangled particles is equal to −1/2. Particles born in the weak decay are in the left spin state
where |± are the states with the helicity ±1/2, v is the velocity of the particle, c is the velocity of light. Since the velocity of neutrino v = c it has the left helicity in all system of reference. Antiparticles born in the weak decay are in the right spin state with antineutrino has the right helicity in all system of reference.
Since muon antineutrino has the right helicity then muon arising in the decay of pion has the right helicity in the system of pion. Electron arising in the decay of muon has the left helicity in the system of muon hence in the system of pion as well. The detection of electron with the left helicity in the system of pion is not consistent with the detection of muon antineutrino because this violates conservation of the total angular momentum of the entangled particles in the system of pion. Provided undetected electron one can detect muon antineutrino. After the detection of electron with the left helicity in the system of pion one cannot detect muon antineutrino. Note that the detection of electron with the left helicity in the system of muon is consistent with the right helicity of electron antineutrino and with the left helicity of muon neutrino. Therefore although we have two antineutrinos only muon antineutrino is in conflict with electron. Assume that electron born in the decay of muon interacts with the environment within the time t int . Then within the time t int from the birth of electron one can detect muon antineutrino and after this time one cannot detect muon antineutrino.
The Super-Kamiokande experiment [4] detected atmospheric electron and muon neutrinos and their antineutrinos which are produced in the hadronic showers induced by primary cosmic rays in the earth's atmosphere. The production of atmospheric neutrinos occurs in the decays of charge pions, π ∓ , (K-mesons, K ∓ ). The ratio for the atmospheric muon and electron neutrino fluxes is given by R ≡ [(ν µ +ν µ )/(ν e +ν e ]. The calculated ratio is R(calc) ∼ 2. The data of the Super-Kamiokande experiment [4] yields the double ratio depending on the energies of neutrinos R(data/calc) = 0.63 ± 0.03 (stat.) ± 0.05 (syst.) E < 1.33 GeV (4) R(data/calc) = 0.65 ± 0.05 (stat.) ± 0.08 (syst.) E > 1.33 GeV The distances L traveled by neutrinos before they reach the detector vary in a wide range: for vertically downward going neutrinos (neutrino zenith angle Θ ν = 0) L ∼ 15 km, for horizontal neutrino trajectories (Θ ν = 90 • ) L ∼ 500 km, for the vertically upgoing neutrinos (Θ ν = 180 • ) L ∼ 13 000 km. The µ-like data exhibit a strong asymmetry in zenith angle while e-like data exhibit no significant asymmetry. Asymmetry is defined as A ≡ (U − D)/(U + D) where U is the number of upward going events with −1 < cos Θ < −0.2 and D is the number of downward going events with 0.2 < cos Θ < 1. The flux of atmospheric neutrinos is expected to be nearly up-down symmetric for neutrino energies E > 1.33 GeV above which effects due to the Earth's magnetic field on cosmic rays are small. The data exhibit the asymmetry A ≃ 0 for e-like events for all momenta. For µ-like events the asymmetry is close to zero at low momenta and decreases with momentum. For multi-GeV µ-like events (E > 1.33 GeV) the measured asymmetry is A = −0.296 ± 0.048 ± 0.01 [4] .
Assume that the time of interaction of the electron born in the decay of muon with the environment is more than the distance L for downward going neutrinos but less than the distance L for upward going neutrinos. Due to the entanglement of neutrino states one can detect both downward going muon neutrino and antineutrino born in the decay of pion and the subsequent decay of muon while for those upward going one can detect only that born in the decay of muon with that born in the decay of pion being undetected. Then due to the entanglement of neutrino states the asymmetry for µ-like events is expected to be A = −1/3 that is in agreement with the measured value. Thus the entanglement of neutrino states may explain the deficit of upward going muon neutrinos in the Super-Kamiokande experiment.
The K2K experiment [5] detected muon neutrinos from the accelerator (KEK-PS) produced beam in two detectors located along beam axis at distances of 300 m (Near Detector) and 250 km (Far Detector). It is measured the rate of ν µ born in the decay of π + . 112 events are observed at the Far Detector compared to an expectation of 158.1+9.2−8.6 events. The deficit of muon neutrino flux in the K2K experiment may be account by the entanglement of neutrino states likewise in the Super-Kamiokande experiment.
The MINOS experiment [6] detected muon neutrinos from the Fermilab NuMI beam in two detectors located along beam axis at distances of 1 km (Near Detector) and 375 km (Far Detector). It is measured the rate of ν µ born in the decay of π + . 215 events are observed at the Far Detector compared to an expectation of 336 ± 14.4 events. The deficit of muon neutrino flux in the MINOS experiment may be account by the entanglement of neutrino states likewise in the Super-Kamiokande experiment.
We have considered the entanglement of states for the particles born in the decay of charge pion and the subsequent decay of muon. The spin states of the muon antineutrino born in the decay of pion and electron born in the decay of muon are inconsistent. After the time of interaction of the electron with the environment one cannot detect the muon antineutrino. This effect may explain the deficit of muon neutrino flux in the Super-Kamiokande, K2K, MINOS experiments. Now the deficit of muon neutrino flux in the Super-Kamiokande [4] , K2K [5] , MINOS [6] experiments are explained with neutrino oscillations. Non-detection of neutrinos due to the entanglement of neutrino states is alternative to the effect of neutrino oscillations in explanation of the deficit of muon neutrino flux in the Super-Kamiokande, K2K, MINOS experiments.
